Goal. To evaluate the effect of the food availability period on body weight, self-selection of macronutrients, adiposity, lipoprotein and serum glucose profiles without changing energy intake.
INTRODUCTION
Organism function is a dynamic process that depends on endogenous oscillations that adjust to environmental cyclic variations such as ecological factors, for example light. Endogenous biological rhythms or cycles may be defined as any biological oscillation variable with periodic recurrence (e.g., temperature, starvation period) (Belísio et al, 2012) . These oscillations can be entrained by the light-dark cycle imposed by the rotation of the earth, known as the circadian rhythm (Carneiro and Araujo, 2012) . For the occurrence of endogenous circadian rhythmicity (from the roots: circa = about and dies= day) some structure must operate as the pacemaker. Pacemakers can be defined as primary oscillators that exhibit an oscillatory pattern genetically determined, endogenous and self-sustained, even in the absence of external time cues (Belísio et al, 2012; Zylka et al, 1998) .
In mammals, a central pacemaker located in the hypothalamic region known as the suprachiasmatic nucleus (SCN) yields the cyclic expression of genes that regulates physiological rhythms and peripheral oscillator structures (Zylka et al, 1998) . Rhythms of peripheral organs have their expressions influenced not only by the central pacemaker, but also by exogenous factors such as food. In rats, mice and other mammals, the food restricted to certain hours of the day produces an anticipatory activity before the meal period. Evidence suggests that this anticipatory activity is mediated by a food oscillator, the food-entrainable D r a f t the Clock, Bmal1, Per (Period), and Cry (cryptochrome) genes and their protein synthesis products (Takahashi et al, 2008) . In the dark, the endogenous rhythm of clock gene expression occurs freely, generating cycles of approximately, but not exactly, 24 hours.
In nocturnal animals, such as rats and mice, with access to food only during the light phase of the cycle, changes in the expression profile of the clock genes in the liver and other peripheral tissues are observed, but they do not appear in the SCN (Damiola et al, 2000) . If these animals receive only 50 to 60% of their daily intake only once a day during the light phase, the circadian rhythm of the central clock also seems to be affected (Mendoza et al, 2007) .
Mice, with complete loss of clock genes or specific changes in clock genes in the peripheral tissues, show various metabolic disorders such as hyperlipidemia, fatty liver, hyperinsulinemia/hyperglycemia, and abnormal insulin secretion (Marcheva et al, 2010) .
The circadian machinery also seems to influence the self-selection of macronutrients. In rats, at the end of the night phase when glycogen stores are low, there is a greater preference for carbohydrates parallel to an increase in NPY levels in the paraventricular nucleus of the hypothalamus (Tempel and Leibowitz, 1989) . And, at the beginning of the light phase, there is a preference for fat that promotes changes that slowly releases energy during the rest phase (Lax et al, 1998) . In humans, diets high in carbohydrates are preferred in the early morning and high-fat diets are preferred at the beginning of the night phase or rest (Westerterp-D r a f t meal schedules and in meal times, not just in the amount ingested, are instrumental in weight gain and increase the risk of developing non-chronic degenerative diseases (Arble et al, 2009; Knutsson, 2003) .
Environmental cues such as meal times over the 24h cycle act as modulators of endogenous rhythms and metabolic risk. Few researchers have analyzed the effects of reversing the availability of food on physiological and metabolic parameters. The present study investigated the effect of varying the availability of feed without changes in energy intake on the levels of serum glucose and lipid fractions, diet preference for macronutrients and fat deposits. Also we hypothesized that changes in food availability according to the light or dark phase of the cycle, without changing the period of exposure to light or changing energy intake, would induce changes in the feeding pattern and metabolism.
METHODS AND PROCEDURES
All procedures were reviewed and approved by the Federal University of Pernambuco, the Ethics Committee for Use of Experimental Animals, and followed the Guidelines of the National Council for the Control of Animal Research (CONCEA) and International Principles for Biomedical Research Involving Animals (Protocol 23076.038109/2013-64) . All efforts were made to minimize animal suffering and reduce the number of animals used.
Animals and Experimental Design
All animals used were obtained from the Animal Care Facility of the Federal University of Pernambuco, Nutrition Department and maintained under controlled dark/ light cycle of 24 hours at room temperature (22±2°C). The animals had free access to water. Thirty six juvenile male Wistar rats newly weaned (45 to 55g body weight) were housed in cages with two animals each and received standard chow ad libitum (63% carbohydrate, 23% protein and D r a f t 11% lipids and 3.6kcal/g) Presence®, Purina Agriband, Sao Paulo, Brazil. All the experimental procedures were undertaken only with male rats. Body weight and food intake of the animals were recorded when the animals were 60 days old. But, no intervention in food availability was realized until the 90 th day to ensure complete maturation of the circadian cycle (Albert et al, 2013) . At 90 days, half of the animals remained on the ad libitum diet and the other half of animals received 80% of their total food intake during the light phase and 20% during the dark phase. Thus, two groups were formed:
a Control group (CG) and an inverted feeding pattern group (IFPG). The diet was offered daily at light-off time for the control group and twice a day (5g in light-off and 20g in lighton) for the IFPG. This amount had been determined previously in agreement with the food intake of the groups at 80 days of age when the amount daily ingested was 25g.
Ponderal gain and shifting food availability
Male pups were weighed monthly beginning on the 60 th day of life up to the 150 th day or at the end of the experiment. The animals were weighed between 7:00-8:00h a.m. using a 500g digital electronic scale (Marte XL 500, class II). The animals' daily food consumption was determined by the difference between the amount of food provided (50 g) at the onset of the dark cycle and the amount of food remaining 24h later.
Evaluation of rhythm of food intake
After the 70 th day of life, each animal was placed in an individual cage and the food consumption was evaluated from the ages of 70 to 80 days of life for ten days (five days for adaptation). Food intake was measured every 4 h for the next 5 consecutive days after day 80 in the light and the dark phases of the cycle. After the period of alteration in food availability, with stabilized food consumption, we recorded again the rhythm of food consumption for three consecutive days ( Figure 1A ). Feeding was considered the external periodic factor, with D r a f t a synchronizing or desynchronizing influence on the endogenously generated biological rhythm. The daily determination of food consumption was recorded every 4 hours and these intervals were designated Zeitgeber time (ZT), ZT0 as lights-on time and ZT12 as lights-off time under the LD cycle (ZT0 = 08-12hours; ZT4 = 12-16h; ZT8 = 16-20h; ZT12=20-24h; ZT16 = 24-04h; ZT20 = 04-08h; ZT24 = 08-12h intervals). The food intake measurements were realized within groups in the light phase and the dark phase of the cycle. The aim was to monitor the food intake ad libitum measured in 12hs light and 12hs dark. At 90 days of life, half of the IFPG animals received 80% of their daily diet in the light phase and 20% in the dark phase and the mean of food intake is shown in Figure 1B . The food was changed daily at the beginning of dark phase for both groups (ZT12). The rats in the IFPG group received only 5g of chow diet in the dark phase and all food was ingested in the early part of the 4 hr period.
At the beginning the light phase (ZT0), the IFPG had their food replaced in the feeder right after lights on (20g). 38.3%, 3.9Kcal/g). All three diets were offered in the same amount. Food consumption was measured in the dark phase, in the light phase and total amount over the 24h cycle. The goal of this study was to evaluate whether a change in feeding time to an inverted feeding pattern would result in a change in food preference, towards a diet predominantly high in lipids, carbohydrates or proteins. Changes in preference for macronutrients is known to play a role in the development of obesity and thus of interest to study.
Feeding preference to macronutrient test

Glycemic curve and fasting glucose evaluation
The glycemic curve in the non-fasting period was obtained from the measurement of glucose every four hours in both phases of the circadian cycle, light and dark phases. The proposal was to verify differences in the glycemic curve during the light and dark phases. Previous studies have shown differences in plasma insulin concentration in animals and humans according to the light or dark phase (Van Cauter et al, 1997) . Glucose was measured before (70 days old) and after (150 days old) the inversion of food availability. For control of glycemic variations, we used the same Zeitgeber time intervals to measure how much food had been eaten during each ZT period (ZT0 = 08-12h; ZT4 =12-16h; ZT8 = 16-20h; ZT12=20-24h; ZT16 = 24-04h; ZT20 = 04-08h; ZT24 = 08-12h).
The measure of fasting glycemia (nocturnal and diurnal) was also registered before and after the change in food availability. Then the blood was centrifuged at 2500 rpm for 10 minutes to obtain serum, followed by frozen storage at -20 o C for subsequent analysis. Both groups were tested for glucose and the results were compared within each group and between the groups.
Oral glucose tolerance test
The evaluation of oral glucose tolerance was performed with males at 90 and 150 days old before and after the change in food availability (150-155 days old) in the light and dark phases of the cycle. The animals were fasted for six hours (8:00 to 14:00h) and blood samples D r a f t were taken by nicking the tip of an animal's tail to withdraw approximately 10 µL of blood at 0, 30, 60, 90 and 120 min. The first blood sample (baseline) was collected before gavage.
After obtain baseline glucose, a 50% glucose solution (Equiplex Pharmaceutical Ltd., GO, Brazil) was administered by gavage in a dose of 2mg/g of body weight. Blood glucose levels were monitored using a glucometer (Accuchek®). The area under the glucose curve (AUC glucose) was obtained according to the glycemic values at 0, 30, 60 and 120 minutes using the trapezoidal method (Le Floch et al, 1990 ).
Biochemistry and abdominal fat measures
At the end of experiment (154±2days), the animals were anesthetized with ketamine (4mg/kg) plus Xilazine (5mg/kg) and, then guillotined to collect trunk blood for biochemistry measures.
After 30 Serum glucose, total cholesterol, high-density-lipoprotein cholesterol (HDL-c), and triglyceride (TG) levels were obtained using a Genesys 10 UV-VIS spectrophotometer (ThermoScientificTM, Amarillo, TX), where absorbance was based on the values given in each kit. The low-density-lipoprotein cholesterol (LDL-c) and very low-density-lipoprotein cholesterol (VLDL-c) levels were obtained using the Friedwald formula (Le Floch et al, 1990 ).
After abdominal incision, the epididimal and retroperitoneal fat was removed and weighed on an analytical balance.
D r a f t
Statistical Analysis
The Kolmogorov Smirnoff test was used to test the normality of the data. The significance level was set at 0.05. Comparison between two independent samples was made using the nonpaired Student's t test. Comparisons within the groups were assessed by the paired Student's t test. To evaluate body weight, average intake, glycemic curve with the inverted feeding pattern and time as co-factors, we used two-way repeated ANOVA measures, following the Bonferroni post-hoc test. The trapezoidal rule was used to determine the area under the curve (AUC). One-way ANOVA was used to evaluate biochemical parameters and abdominal fat.
Data are expressed as the mean with standard deviation (SD). All the analyses were performed using Graphpad Prism 5 statistical software (GraphPad Software Inc., La Jolla, CA).
Results
Body weight
Body weight did not differ between the groups either before (CG= 261.0 ±34.0g; IFPG= 275.5 ± 23.2g, P=0.14) or after the shift in food availability.
Food Intake before inverted feeding pattern
At 80 days of age, the average food consumption during the dark phase was around 20g/day (19.6±3.4g) and 5g during the light phase (4.9±1.4g). Figure 1A shows the biological rhythm of food intake ( Figure 1A ) measured every 4 hours. Adult rats exhibited a profile of food intake of around 25g/day without long-term changes.
In Figure 1B , the two groups are in the light phase of the cycle, but with different food availability. Following 8h after the change of the cycle (ZT4), no significant difference between the groups was observed (CG=1.46g± 0.4g; IFPG= 1.8± 0.6g). However, the food D r a f t consumption changed markedly at the other Zeitgeber points (P<0.0001) (figure 1B). The mean of energy intake in the light phase was 18.5 ±4.3kcals of CG and 69.2±4.1kcals of IFPG; in the dark phase of energy intake, the mean was 63.4±14.4kcals to CG and 19.3±0.9kcals to IFPG. No difference was found in total energy intake by the groups.
Glycemic curve during 24 hours.
The glycemic curve of the groups (CG and IFPG) did not demonstrate any difference at 90 day of age ( CG=119.0mg/dL, P<0.05) and ZT24 (IFPG=107.1; CG=119.6mg/dL, P<0.05) at 150 days of age ( Figure 2B ).
Oral glucose tolerance test (OGTT)
The glycemia of both groups after six hours of fasting (ZT0) showed similar values to the baseline glucose in both the light and the dark phases (IFPG light=102.3mg/dL; IFPG dark =97.9mg/dL, p>0.05; CG light =97.4mg/dL; CG dark=85.6mg/dL; p>0.05). The OGTT within each group in the light and the dark phases, however, showed a significant difference between the phases at 90 days of age ( Figure 3A and 3B), and at 150 days of age ( Figure 3C and 3D). Furthermore, when the rats had reached 150 days of age, we observed less difference in the glucose point curve between light and dark phases(only one point curve) in the control D r a f t group and appearance of three different points on the group curve of IFPG( Figure 3C and 3D, respectively). The area under the glucose curve, showing light and dark phases before and after introduction of the inverted feeding pattern ( Figure 4C ; 4D), does not indicate differences between the groups either at 90 days of age or at 150 days of age.
Serum biochemical measurements
The inverted feeding pattern did not alter serum lipid fractions, but influenced the serum glucose concentration between and within groups ( Table 1) .
Glycemic values of groups after 12-h fasting according to the light and the dark phases showed a significant difference within both groups (CG and IFPG) at 90 days of age. At 150 days of age, this difference was not observed during the light phase in the CG, but remained significant in the IFPG (Table 1 ). In the dark phase at 150 days of age, no significant difference between groups was observed in the light phase, but a difference was observed in the dark phase. The comparison within groups at 90 days of age did not showed differences.
However, at 150 days of age the IFPG group showed significant difference in the dark phase of the cycle (Table 1) .
Body weight, abdominal and liver fat
The changes in feeding period for the IFPG resulted in a greater deposit of abdominal fat especially retroperitoneal and liver fat (g/100g, Table 2 ).
The preference test for macronutrients carried out with the two groups showed that the IFPG consumed less of the hyperlipidic diet (IFPG = 8.3±2.1g CG= 16.9±3.1g, P<0.001) and more of the hyperproteic diet (IFPG = 6.5±1.6g; CG= 1.6±0.6 P<0.05) and hyperglicidic diet (IFPG = 5.8±1.9g; CG= 1.3±0.8g) in the dark phase. These results were collected over 24 hs. There was no difference in the average amount of food intake (total consumption of the three diets D r a f t during 24 hs, Figure 5 ), but the IFPG adult young rats showed 52% more abdominal fat and 42% liver fat (Table 2) .
DISCUSSION
The association among circadian rhythms, metabolism and risk of overweight/obesity and other chronic diseases has been reported in human (Takahashi et al, 2008; Knutsson, 2003) and animal research (Knutsson, 2003; Arble, 2009; Salgado-Delgado et al, 2013) . In our experimental design, the manipulation of feeding availability according to the light or the dark phase of the 24h cycle did not result in a change in body weight or serum lipid fractions, but higher abdominal fat depot and hepatic fat were found. We also found a difference in fasting glucose between and within the groups. It should be noted that these outcomes were observed without changes in energy intake or variation in the composition of the diet. A previous study of rats subjected to advanced light phase shifts observed changes in gene expression of neuropeptides related to food intake control, as well as changes in leptin and insulin levels, resulting in adverse outcomes in energetic metabolism culminating in desynchronization of biological rhythms (Herrero et al, 2015) .
In line with Herrero et al. (2015) and Reznick (2013) we did not find body weight changes.
Reznick et al. (2013) did not observe a daylight feeding change in body weight in their rat subjects, in spite of the rats lesser cumulative food intake over the three weeks of experiment.
The authors suggested that changing the feeding paradigm might alter the energy expenditure in daytime-fed rats.
Salgado- Delgado et al. (2013) reported higher body weight, as well as an increase in abdominal and liver fat in rats exposed to forced activity for 8 h either during the rest phase (day) or during the active phase (night). The rats were forced to be active and/or to eat during their rest phase, inverting their daily peak of Per1, Bmal1 and Clock and losing the rhythm of Per2 in the liver. But, these adverse consequences were reverted when food intake was D r a f t restored to the normal activity phase (Salgado-Delgado, et al 2010) . This change prevented body weight increase and reverted metabolic and rhythmic disturbances suggesting that was the food and not the nocturnal work that caused the observed disturbance.
However, different from this study, the animals in the studies of Salgado-Delgado (2010; had free access to food throughout the light cycle, i.e., and in our study the food access was controlled for the IFPG. In our study all rats in the IFPG groups were fed the same amount of food as the control group (pair-fed model). In the study of Jang et al. (2012), mice fed on a pair-fed diet demonstrated altered expression of peripheral circadian clock genes, but not increased body weight.
One hypothesis to explain the absence of body weight alteration is reported by Bray et al.
(2013). These authors have supposed the reduction in energy expenditure to be due to the organism attempting to preserve its energy reserves. On the other hand, we observed that the IFPG group ingested all their food during the first 4 hours after lights off. In the lights on phase, they showed a consumption peak at the beginning and end of the light phase altering the endogenous rhythm, but with preserved oscillation. We suggest that the amount of food ingested during meals in the light phase probably caused the change in physio-metabolic parameters observed in this study.
In line with food intake rhythm we measured the glycemic curve that demonstrates association with feeding schedules. The glycemic curve did not show differences between groups at 90 days old. The only difference observed was in relation to the oral glucose tolerance test between the light and dark phases of the 24h cycle within the same group. This difference can be explained in part because the insulin sensitivity has been shown to have a circadian pattern in both humans (Boden et al., 1996) and rodents (La Fleur et al., 2001) , with the sensitivity being highest during the active phase and lowest during resting phase. This is in line with our results in both groups at 90 days old.
D r a f t
The glycemic curve throughout the 24 h cycle was altered by food availability in animals at 150 days of age. At the beginning of the light phase, the lower glycemic levels in the IFPG may have been the result of a longer fasting period compared to the CG. Another hypothesis could be related to the control of circadian rhythmicity of insulin secretion or by counterregulatory hormones for insulin control (La Fleur et al, 2001) . Hepatic key-enzymes of glycogen metabolism, for example, glycogen synthase, are most active during the subjective night for rodents and glycogen phosphorylase has maximum activity near the end of the light phase (Ishikawa and Shimazu, 1980) .
Gluconeogenesis also exhibits a circadian oscillation with high expression observed in the transition time from the light phase to the dark phase when compared to the transition time from the dark phase to the light phase (Kida et al, 1980) , clearly displayed in the glycemic curve of the control group. But the IFPG showed the inverse curve from the control group.
Thus, it is possible that alterations in the energetic substrate for enzymes can modify their activity and cause metabolic consequences for glycemic control.
However, some studies in chronobiology assert that variation in insulin secretion does not occur only because of glycemic value or food intake (Gagliardino and Hernández, 1971).
Reinforcing this premise, other studies have demonstrated the circadian variation of insulin secretion with in vitro studies using isolated rat pancreas islets (Delattre et al., 1999) . In line with our results, La Fleur et al., (1999) also has demonstrated glycemic variation according to the light and the dark phase of the 24h cycle. This temporal effect was observed in accordance with a diurnal or nocturnal phase, inverted feeding pattern, fasting time and programmed or restricted diet.
Cyclical fluctuations of glucose were reported by Salgado-Delgado et al., (2010) with the glucose peak observed at the shift from the light phase to the dark phase. Our results corroborate their results, showing a glycemic peak at ZT12 at the beginning of the dark phase for the control group but not for the IFPG. In part, this result can be explained by circadian D r a f t gluconeogenesis with a peak in the transition period from the light to the dark phase (Kida et al, 1980) .
As to the oral glucose tolerance test (OGTT), in normal subjects (without pathologies), over the past decade studies have shown that the response to OGTT varies according to the daily cycle (Carroll and Nestel, 1973) . Tests with humans show reduced OGTT in the dark cycle phase, indicating a difference between the light and dark phase of the circadian cycle (Boden et al, 1996) . In our study, both groups showed differences when comparing the light versus the dark phase within the group at 90 days of age and at 150 days of age (after food availability variation). At 150 days of age, this difference was more evident in the IFPG group, showing higher glycemia at several points of time in the light phase compared to the dark phase. We did not observe a difference, in the area under the curve between the groups.
Several studies have related that control of glucose rhythm is independent of the fasting/feeding cycle and that it is controlled by the suprachiasmatic nucleus (SCN) (Morris et al., 2015; Coomans et al., 2013) ; and further, that the glucose rhythm is abolished by a suprachiasmatic nucleus (SCN) lesion (La Fleur et al.,1999) . Given this, we hypothesized that the inverted feeding pattern does not influence the glucose tolerance test because the SCN remained synchronized to the light/darkness period.
Higher glycemia in the light phase can be associated to hypoinsulinemia normally present in rats in this period (Le Magnen, 1981) . The result could also be associated with other factors related to insulin secretion, insulin-sensitive tissues and to the action of other hormones involved in glucose homeostasis.
The action and insulin secretion associated with other contra regulatory hormones as well as enzyme activity can be related to the differences in abdominal and hepatic fat found in our study. Our results demonstrated higher abdominal fat depots in the IFPG, compared to the CG, but not in specific epididymal fat. In line with our results, Reznick et al (2013) The higher fasting glycemia found in the IFPG in the dark phase at the end of the experimental period could be a reflex of metabolic disruption. Reznick et al. (2013) demonstrated that the expression of metabolic genes as phosphoenol pyruvate carboxykinase, a rate-limiting enzyme in gluconeogenesis and FAS (fatty acid synthase), is shifted in liver of rats on daylight feeding and reflects food availability.
A low growth hormone (GH) in the blood was observed in animals submitted to food restriction in the dark phase (Le Magnen, 1981) . Reduction of the amplitude of GH may contribute to high abdominal fat depot. This mechanism can partially explain the high abdominal fat found in our study. Higher abdominal fat has been associated with deleterious effects on health, independent of body weight (Tchkonia et al, 2013) . In humans, it has been demonstrated that shift workers have a higher waist-hip ratio despite any alteration in BMI (body mass index) (Nakamura et al, 1987) .
The greater amount of hepatic fat (more than 42%) found in our study in the IFPG is in concordance with Gimble and Floyd, (2009) who demonstrated that enzymes such as lipoprotein lipase (LPL) have circadian oscillations, with high expression in the active phase increasing the cell uptake of fatty acids. Thus, if food intake occurs in the inactive phase (subjective day of rodents) there is less expression of LPL in the adipose tissue, leading to the storage in muscular, pancreatic or hepatic tissue. This phenomenon is known as "lipotoxicity", which favors hepatic, pancreatic and muscular comorbidities (Knutsson, 2003; Gimble and Floyd, 2009) . Interestingly, the inversion of food availability did not alter serum lipid fractions. Maybe the higher liver fat depots can favor reduced circulation of low-density D r a f t lipoprotein and cholesterol synthesis. Jang et al. (2012) found high serum lipid levels in pair fed mice during the dark phase at two Zeitgeber points (Zt12; Zt14). These authors studied food restriction during a single phase of the cycle; but the study used a high fat diet and found alterations in the hepatic lipogenic gene expression.
A limitation of this study is related to the non-measurement of sleep hours. Studies in humans (Mchill and Wright Jr., 2017) and animals (Barf et al, 2010) demonstrated that sleep deprivation is a potential risk factor for the development of metabolic diseases such as metabolic syndrome and type2 diabetes (Laposky et al, 2008) . Generally the daily activity of an animal is measured by its actogram record. Salgado-Delgado et al (2010), observed that rats forced to be active during the resting phase exhibited a progressive decrease in their nocturnal activity and increase of 47% in their daytime activity. Another previous study has demonstrated that rodents with sleep deprivation (20h of continuous restriction or intermittent sleep disturbance) did not change food intake, but showed reduced body weight and alterations of intravenous glucose tolerance test (IVGTT) (Barf et al, 2010) . Thus, in our study we could not be sure whether sleep deprivation had influenced the data. We do know that the IFPV group did not suffer modifications in energy intake, body weight or glucose tolerance test. The only changes observed in this group were altered glucose fasting, higher liver and visceral fat at the 150th day. One of the proposed functions of sleep or rest is energy conservation and animals with sleep deprivation lose weight (McHill and Wright Jr., 2017) .
So, we suggest that chronic invert food availability may have caused some adaptation in the IFPV group. This adaptation may have caused reduced activity and consequently may have prevented weight loss or alterations in glucose tolerance test. Thus, our data should be taken as consequence of the influence of inverted food and not sleep deprivation. In addition our results demonstrated that the IFPG group had a different food preference in the dark phase compared to the CG when submitted to an acute test of self-selection of macronutrients offered concomitantly. The IFPG decreased preference for lipids (measured by hyperlipidic diet) and increased preference for protein and carbohydrates, according to measurements of consumption of hyperproteic and hyperglicidic diets.
Preference diets were tested with macronutrients in different proportions, but formulated with the same ingredients to avoid changing palatability. The preference also was not influenced by the energy value because all of the diets had similar energy content and the total food intake was similar between groups. It is possible that altered glycogen storage in the liver could shift the choice of macronutrients by self-selection across phases of the circadian cycle.
The feeding restriction that was applied only in the daylight period showed lower glycogen storage in the liver, higher glycogen storage in muscles (Reznick et al, 2013) , as well as different energetic expenditure in rats. Another study on self-selection of macronutrients following a restriction period of 3 hours (at the beginning or end of the dark phase) demonstrated a preference for carbohydrate and lipid (Lax et al, 1998) . The authors interpret this as a required compensatory energetic state. In spite of a different methodological design, the study showed that the change of availability of food seems to have altered the preference for macronutrients. In human subjects, when the night feeding syndrome was observed, there was higher consumption of carbohydrates in the among the subjects who woke up during the night (Striegel-Moore et al, 2008) .
A study in mice lacking the nuclear receptor REV-ERBα, a transcription repressor and a key component of the molecular clockwork, observed that mutant mice were highly motivated to obtain palatable food (Feillet et al, 2015) . This result suggests the possible role of the RevErbα gene on circadian clockwork in modulating food-reward behaviors. In our study, the D r a f t IFPG had a higher preference for carbohydrates in the dark phase; and maybe this result can be associated with changes in clock gene expression or orexigenic neuropeptides such as NPY and galanin, and hormones modulating food intake such as leptin (Beck et al., 2002) . 
However, neither the anatomical location nor the molecular mechanisms of these peripheral oscillators or peripheral pacemarkers, has yet been determined (Menaker et al, 2013 ) and may be a topic for future studies.
Thus, we suggest the conduct of further studies to analyze the relationship between circadian desynchronization mediated by food and self-selection of macronutrients. The proposal of our study is associated to the risk of metabolic disturbance, since palatable or western diets (more simple carbohydrate and fat) are seen to play an important role in food behavior risks, increased body weight, body fat and related co-morbidities.
Our study is pioneer in its methodological design and our findings speak in favor of power of food on biological rhythms such as feeding and glucose curve. Additional studies will be able to clarify other aspects of the control of metabolism by food schedule and circadian oscillators as well as to evaluate key molecules involved in energy metabolism and measurements related to the advanced phase of locomotor activity.
Conclusion
Based on the results, we concluded that alterations in food availability according to the cycle phase produces a shift in the glucose and feeding circadian rhythm, culminating in increased abdominal and hepatic fat. These results are important because, even without changes in the amount of food ingested or alterations of the nutritional source, an irregular schedule of meals can contribute to a risk of greater metabolic disease.
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